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REMARKS/ARGUMENTS 

Status of the Claims: 

Claims 1-64 were pending in the present application before this amendment as set forth 
above. Among them, claims 44-49 and 58-64 were under examination, and claims 1-41 and 50- 
57 were withdrawn as being drawn to non-elected subject matter. By this Amendment, claim 45 
is amended and new claim 65 is added. 

The December 12, 2007 Office Action : 

In the December 12, 2007 Office Action, claims 45 and 59-64 were rejected under 35 
U.S.C. § 102(b) as being anticipated by U.S. Patent No. 4,201,845 to Feder et al. (hereinafter 
"Feder"). Furthermore, claim 58 was rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Feder. 

However, the Primary Examiner indicated that claims 44 and 46-49 were allowed. 

The Primary Examiner noted that in the amendment filed September 27, 2007, in 
response to in the June 27, 2007 Office Action, applicant had amended claim 45 to delete the 
phrase "for allowing seed biological cells to perfuse only outside the confined region in the 
chamber". The Primary Examiner further stated that "Examiner placed a telephone call to 
Applicant's attorney, Tim Xia, to discuss claim 45. Examiner stated that new art [would] be 
cited against amended claim 45 because it is now broader than the previously submitted claim 
45. A discussion of the 1 12, second paragraph rejection made in the previous Office Action 
relates to whether the 'biological cells' in the previously submitted claim 42, line 14, from which 
the previously submitted claim 45 depends, is distinguishable from 'seed biological cells' and 
clarification as to [its] meaning is requested." Moreover, the Primary Examiner stated that "[a]s 
stated in the telephone interview, as a courtesy, the present Office action is made non-final to 
allow Applicant an opportunity to clarify claim 45 if Applicant wishes to reinstate limitations 
regarding 'seed biological cells.'" 

Applicant very much appreciates the Primary Examiner's careful review of the 
application and the allowance of claims 44 and 46-49, and particularly thanks the Primary 
Examiner for conducting the telephone interview and the professionalism shown by the Primary 
Examiner during the telephone interview. 
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In response, as set forth above, claim 45 has been amended to reinstate the limitation "for 
allowing seed biological cells to perfuse only inside the confined region in the chamber," which 
was previously deleted in applicant's September 27, 2007 amendment. Claim 45 has further 
been amended to correct a typo, i.e., the phase "to perfuse only outside the confined region in the 
chamber" has been replaced with the phrase "to perfuse only inside the confined region in the 
chamber." (Emphasis added.) Support for this amendment can be found in the disclosure as 
originally filed, for example, in Fig. 2C. 

Furthermore, new claim 65 has been added to recite limitations drawn to the sidewalls of 
the chamber at the intersection of first and second connection channels with the chamber. 
Support for this amendment can be found in the disclosure as originally filed, for example, in 
pages 1 1 and 26 of the specification and in Figs. 2A1-2F of the drawings. 

Moreover, the specification has been amended for better form so that the written 
description, claims, and drawings are consistent with each other. 

Additionally, as discussed in connection with claim 45 below, applicant submits herewith 
a clarification of the definition of "seed biological cells" as used in the present application, 
including attached academic articles which clarify the meaning of "seed cells." 

Applicant submits that no new matter is added. 

Any amendments to the claims not specifically referred to herein as being included for 
the purpose of distinguishing the claims from cited references are included for the purpose of 
clarification, consistence, and/or grammatical/spelling correction only. 

It is now believed that the application is in condition for allowance and such allowance is 
respectfully requested. 

The following remarks herein are considered to be responsive thereto. 

"Seed biological cells" in claim 45 : 

In the December 12, 2007 Office Action, the Primary Examiner stated that "[a]s stated in 
the telephone interview, as a courtesy, the present Office [A]ction is made non- final to allow 
Applicant an opportunity to clarify claim 45 if Applicant wishes to reinstate limitations regarding 
'seed biological cells.'" In response, applicant submits that the terms "seeding" and "seed cells" 
are common usage in the field of bioreactors and known to people skilled in the art, as referring 
to the cells that are introduced into a previously cell-free bioreactor. These "seed cells" divide 
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and produce additional cells. This process continues until the bioreactor is filled with cells and 
either contact inhibition or nutrient limitations constrain further growth and division of cells, or 
cells are permitted to exit the bioreactor, for example in a chemostat that maintains a constant 
number of cells in the reactor. In some cases, seed cells are "expanded" from an initial inoculum 
into a more populous monolayer in a small culture dish or culture flask prior to being transferred 
into a larger scale bioreactor. 

One example of the intended usage of the term "seed cells" is found in "Comparison of 
manufacturing techniques for adenovirus production," Iyer, P; Ostrove, JM; Vacante, D, 
Cytotechnology, Volume: 30, Issue: 1-3, Pages: 169-172 (1999), which contains statements such 
as "Human embryonic kidney (HEK) 293 cells obtained from American Type Culture Collection 
(ATCC) and grown in fetal bovine serum (Hyclone) containing medium (DMEM, 10% FBS) in 
162 cm2 tissue culture flasks were used to seed Cytodex 3 microcarrier (Pharmacia Biotech) 
cultures," and "The cells seeded at 1.5 x 105 c/ml reached 2 x 106 c/ml typically by day 6 or 7 of 
the culture." (Emphasis added.) 

Another example is provided in the article "Three-dimensional perfusion culture of 
human bone marrow cells and generation of osteoinductive grafts" by A. Braccini, et al. "Stem 
Cells Express, published online July 7, 2005; doi:10.1634/stemcells.2005-states: "Here we 
describe a simple yet innovative bioreactor-based approach to seed, expand and differentiate 
bone marrow stromal cells (BMSC) directly in a 3D environment, bypassing the conventional 
process of monolayer (2D) expansion." (Emphasis added.) 

The above cited articles for clarifying the meaning of "seed biological cells" are attached 
following the Remarks/ Arguments for the Primary Examiner's reference. 

Applicant respectfully submits that the only difference between usages of "seed cells" in 
these articles cited above and in the application of the present invention is that in the application 
of the present invention, the term "biological" is inserted in "seed cells" (i.e. to form "seed 
biological cells") in order to differentiate them from non-biological uses of the term "cells." 

Rejections under 35 U.S.C. §102 

In the December 12, 2007 Office Action, Claims 45 and 59-64 were rejected under 35 
U.S.C. § 102(b) as being anticipated by Feder. This rejection is respectfully traversed for at least 
the following reasons. 
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Claim 45 : 

Among other unique limitations, claim 45, as amended, recites a bioreactor comprising: 

i. "a first substrate having a first surface and an opposite second surface, defining a 
chamber therebetween the first surface and the opposite second surface of the first 
substrate for receiving biological cells and a liquid medium; 

ii. an inlet port formed in the first substrate and apart from the chamber; 

iii. a first connection channel formed in the first substrate, wherein the first 
connection channel is in fluid communication with the inlet port and the chamber 
for allowing a stream of substance to be delivered to the chamber; 

iv. an outlet port formed in the first substrate and apart from the chamber; 

v. a second connection channel formed in the first substrate, wherein the second 
connection channel is in fluid communication with the outlet port and the 
chamber for allowing a stream of substance to be removed from the chamber; 

vi. confining means positioned in the chamber to form a confinement region to 
confine the biological cells therein with the liquid medium, 

wherein the chamber, the inlet portion, the first connection channel, the outlet port, and 
the second connection channel are all formed in the first substrate such that, in 
operation, the stream of substance flows from the inlet port through the first 
connection channel, the chamber, and the second connection channel to the outlet port 
in a direction that is substantially parallel to the first substrate, and wherein the first 
substrate further defines a first alternate port and a third connection channel in fluid 
communication with the first alternate port and the confined region of the chamber for 
allowing seed biological cells to perfuse only inside the confined region in the 
chamber." (Emphasis added.) 

As shown in Figs. 2A1-2I of the drawings as originally filed and described in the 
specification as originally filed, for example, in paragraphs on line 28-38 of page 18 and lines 7- 
18 of page 19, the bioreactor according to one embodiment of the present invention is a 
microfluidic device which integrates "suitable cell culture and microfabrication techniques to 
permit cell growth in small, confined, well perfused volumes at tissue densities, provide 
independent control of multiple chemokines and growth factor gradients, shear forces, tissue 
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perfusion, and permeability of physical barriers to cellular migration, and allow detailed optical 
and electrochemical observation of normal and cancerous cells during cell migration, 
intravasation, extravasation, angiogenesis, and other cellular processes." (Emphasis added.) 

In contrast, the disclosure of Feder is directed specifically at a class of bioreactor that is 
radically different from the present invention as claimed in amended claim 45. For instance, 
Feder states that "[i]n accordance with the present invention, cell culture apparatus for the 
growth of cells in vitro is provided which employs elongate, selectively permeable hollow fibers 
in a shallow layer configuration as a matrix for cell attachment on the outer surface of the fibers, 
and aeration of the cells by passage through the interior of said fibers and permeation of the 
membrane wall." Feder, Col. 2, lines 22-28. With specific regard to the Primary Examiner's 
statement that "Part (12) is equivalent to applicant's claimed first substrate," applicant 
respectfully submits that in Feder, the cells grow on the hollow fibers that are contained within 
the chamber, and hence, Feder 's part 12 is clearly not equivalent to the first substrate of the 
present invention. 

Specifically, as shown in Figs. 2 and 3, Feder discloses a macroscopic device that is 
assembles in multiple layers requiring fastening together with bolts and nuts and pipe. In 
operation of Feder' s device, "cell culture medium is fed into chamber 23 through inlet ports 26 
and 27. The medium is inoculated through port 29 with a seed culture .... During the 
incubation, periodic changes of media can be made, with the spent medium being expelled 
through outlet port 28 and fresh medium again being supplied through inlet ports 26 and 27. 
Samples of macromolecular materials can be withdrawn through access port 29 at any desired 
time during the incubation. The culture medium flows into the lower part of chamber 23 
beneath perforated plate 35 which thereby serves as manifold or distributor means to provide 
uniform distribution of the medium and a flow path which is upward and transverse to the 
plane of the elongate axes of the fibers. The reduction of the depth of the upper part of chamber 
23 in a manner dependent upon its distance from the media outlet 28 assists in the uniform 
collection of the spent media across the top of the bed of fibers in a manner which corresponds to 
the demand for the media passing across the fibers." (Feder, col. 4, lines 56-68 through col. 5, 
lines 1-29, and Figs. 2 and 3) (Emphasis added.) In other words, in Feder's device, the culture 
medium flows from the inlet ports 26 and 27, through the perforated plate 35 into the fiber 
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layer 34, and then is expelled through outlet port 28, Le., the flow of the culture medium is 
transverse to the planar region containing the cells, Le. the bed of parallel hollow fibers. 

Therefore, applicant respectfully submits that Feder neither teaches nor suggests a 
microfabricated bioreactor having "the chamber, the inlet portion, the first connection channel, 
the outlet port, and the second connection channel all formed in the first substrate, such that, in 
operation, the stream of substance flows from the inlet port through the first connection 
channel, the chamber and the second connection channel to the outlet port in a direction that 
is substantially parallel to the plane of the first substrate" as recited in amended claim 45 of the 
present invention. (Emphasis added.) 

For at least these reasons, amended claim 45 is patentable under 35 U.S.C. § 102(b) over 

Feder. 

Accordingly, previously presented claims 58-64, which depend from now allowable 
amended claim 45, are also allowable for at least this reason. 

Additionally, claims 58-64 also contain additional patentable subject matter. For 
example, claim 60 recites a bioreactor having all the limitations of claim 59 and also comprising 
"at least one supporting member outside the confined region of the chamber for supporting the 
second substrate." In contrast, the device of Feder, as shown in Fig. 2, uses element 37, which is 
a bolt or a stud, as evidenced by the wingnut 22. Thus, Feder does not teach or suggest a 
bioreactor having all the limitations of claim 60. 

Furthermore, claim 61 also contains additional patentable subject matter, and recites a 
bioreactor having all the limitations of claim 59 and "further comprising at least one supporting 
member positioned inside the confined region of the chamber for supporting the second 
substrate." This is shown as central post 1087 in Figs. 2C and 2E, and as posts 1087 in Figs. 2D 
and 2F of the drawings as originally filed. In contrast, the lip inside of element 12 in Feder is not 
for the purpose of supporting the second substrate (20), but to hold in position the layer of fibers 
(34) and the distributor plate (35). Moreover, the second substrate in Feder is held against the 
first substrate (15) by the bolt (37) and nut (22). Thus, Feder does not teach or suggest a 
bioreactor having all the limitations of claim 61. 

Still further, claim 62 contains additional patentable subject matter, reciting a bioreactor 
having all the limitations of claim 45 and wherein the stream of substance is controlled as to 
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provide a gradient to the channel. As shown in Fig. 2A1 of the present invention, the inlet 
channels 1011a, 1021a, and 1022a provide for three separate fluidic streams that, when merged 
in the extension of 1021a, will deliver three parallel streams to the chamber 1006. Because 
laminar flow is maintained by the chosen shape of the channels, chemical gradients can be 
maintained transverse to the flow to allow cells in different regions in the chamber to be exposed 
to different concentrations. In contrast, the device of Feder is not capable of supporting laminar 
flow, and hence there can be turbulence or other mixing in the inlet area beneath the distributor 
plate (e.g. element 35, Fig. 2). Thus, Feder does not teach or suggest a bioreactor having all the 
limitations of claim 62. 

Rejections under 35 U.S.C. §103 

Claim 58: 

In the December 12, 2007 Office Action, claim 58 was rejected under 35 U.S.C. § 103(a) 
as being unpatentable over Feder. 

As set forth above, claim 58 depends from now allowable claim 45, and should be 
allowable at least for this reason. 

New Claim 65: 

New claim 65 depends from now allowable amended claim 45 and should be allowable 
as well, for at least this reason. 

Moreover, new Claim 65 contains also additional patentable subject matter. It recites a 
bioreactor having all the limitations of independent claim 45, and further limitations: "sidewalls 
at the intersections of the first connection channel with the chamber and the second 
connection channel with the chamber are tapered to form an angle of inclination between 
about 10 and 45 degrees from vertical and an enclosed angle between about 30 and 80 
degrees." As shown in Fig. 2C and set forth in lines 1-10 of page 26 of the specification, as 
originally filed, "sidewalls of the chamber 1006 are tapered at the intersections of the 
connection channels with the chamber 1006 to form an angle of inclination a, which is 
preferred in the range of about between 10 - 45° from vertical, and an enclosed angle p, which 
is preferred in the range of about between 30 - 80°, respectively, to avoid shear forces 
generated by sharp corners." (Emphasis added.) This allows for the utilization of laminar flow 
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in microfluidics to ensure uniform perfusion of the cells, where the fluid flow is parallel to a 
planar layer of cells grown on the first substrate. 

In contrast, as understood by Applicant, Feder discloses a macroscopic device that is 
assembled with nuts and bolts (see e.g. Feder, col. 3, lines 13-18). It "employs elongate, 
selectively permeable hollow fibers in a shallow layer configuration as a matrix for cell 
attachment on the outer surface of the fibers, and aeration of the cells by passage through the 
interior of said fibers and permeation of the membrane wall." The flow path of the culture media 
is directed by a distributor plate means (e.g. element 35 in Figs. 1-3) or a filter plate (e.g. element 
40 in Fig. 4) through the fiber layer and substantially transverse to the planar region containing 
the cells. Feder, Col. 2, lines 22-41 and Figs. 1-4. Feder relies solely on the distributor plate 35 
or the filter plate 40 to distribute the incoming perfusate through hydraulic resistance, and 
does not otherwise control the flow or distribution of the incoming flows. 

In other words, Feder does not teach or suggest a bioreactor "wherein sidewalls at the 
intersections of the first connection channel with the chamber and second connection channel 
with the chamber are tapered to form an angle of inclination between about 10 and 45 degrees 
from vertical and an enclosed angle between about 30 and 80 degrees" as recited in new claim 



Applicant respectfully submits that the foregoing Amendment and Response place this 
application in condition for allowance. If the Primary Examiner believes that there are any issues 
that can be resolved by a telephone conference, or that there are any informalities that can be 
corrected by an Primary Examiner's amendment, please call the undersigned at 404.495.3678. 
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CONCLUSION 



Respectfully submitted, 

MORRIS, MANNING ^ MARTIN, LLP 



March 12, 2008 
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Attorney for Applicant on the Record 
Reg. No. 45,242 
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Atlanta, Georgia 30326-1044 
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Abstract 

Three-dimensional (3D) culture systems are critical to inves- 
tigate eel! physiology and to engineer tissue grafts. In this 
study, we describe a simple yet innovative biorcac tor-based 
approach to seed, expand, and differentiate bone marrow 
stroma! cells (BMSCs) directly in a 3D environment, bypass- 
ing the conventional process of monolayer (two-dimensional 
[2D J) expansion. The system, based on ■ he perfusion of bone 
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corresponding M) cultured constructs- after the cell expansion 
phase. Seeding t 2i)-expauded I1Y:S(\ was performed by 
f 1 s 11 i , ju II 1 e p 1 ill 1 il that 

the fraction of cells retained in the scaffolds after seeding by 
si 1 i s K ] i 1 - 11 1 1 1 il iilnl 

perfusion device, although cells seeded statically were less 
uniform |y distributed [18]. 

Eight weeks after implantation, constructs were fixed in 4% for- 
malin, decalcified (Osteod.ec; Bio-Optica, Milan, Italy, http:// 
www.Wo-oplica.it). pa rafti n embedded and sectioned a! six di 1- 
fcretil leveis f 5-jsu i-i hick sections at 600-itminlervaisi. For each 
cross-section, stai ned by hemaroxi II ri/eosi ri, six 1 mages (cover- 
ing most of the total cross-sectional aiea) were used ;o quantify 
the amount of bone tissue norma lized to the total available pore 
space, as previously described i 21 1. 'i'be uniformity of bone tis- 
sue formation was quantitatively determined from the average (s) 
and sis ndsrsi devis Eon 1 s 1 of the bom; amounts measured breach 
cross-section [ If-ljas ■■>>>■ s,\s 

% uniformity = 100 x (l-(^)) 
(2eS! Char ac ter ization 
S di m$Ekvlr» Mi ^^ >, 1 

Const? acts cultured in the 31) system after hie cell expansion 
phase were fixed hi 4-'; : tbrnulin, dehydrated, critical point 
dried, aud coated with 20 ma of An. Scanning electron micros- 
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i]i:p ;>„v lie l 1 fit e i 1 N \ c 11 ietK t 11 
scribed into eE N a p msh scribed dyiiierase 
chain reaction was perEariiied and monitored with the AB1 Prism 
7700 Sequence Detection System ( Pe tkin B Imei/ Applied Biosys- 
tems, Rotkieuz SwUrt. 1 lIjlIOupiI jod 
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twptesston ieveis of geties oE' hi! et est (boric- siaioptoteh: [ BSP], 
collagen type ion i jiized to 
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18S rRNA[I9], were used as reference, 
CeUExtmdim 

After the < :i p m i n phase u. the SD culture r ni ceils 
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n <\ L 'Hap. ua . md-'ov tup mo -wniVi 3 ■] > h h "'bin 
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CFV-FAsswt 

CPU- P ■ -i_. ,i> !,n.li ! . > El o. p-i h ■■ t'jf fl by j>! -tbi ■ four 
ceils per cm 2 in tissue culture dishes. After 10 days of culture, 
ct-Sls wviv n>;ed ni h - h su: dm iiiid siahied with e' ineEhyierit- 
blue , and the nutrsl ' 3 s routited. 



[18], we perfused henucl if d< ii fhurrtan bone mar rov 
aspirates in alternated ire-etioti < thtoughthe pores of disk-shaped 
it-ramie sea E 'folds, at-d -c-e hy pot ht-sb: eel that BMSCs would attach 
eo the- ee-i am ic sitbsti ate and proliferate. The nurnberof BMSCs 
perfused through each scaffold, estimated by CPU--}- assays, 
averaged 4.3 _t Co x i'j-' cells. Medium was fitst changed aftet S 
days f c el! seeding phase), whkh resiiitt-d in die C tin hi avion oft ht- 
non-attaehe-d cell population, eonta in in;;, rieg hp ibis- nurirbei s of 
CPC-F i 1 til t «■ the scaffolds!. Pte-di i i j is 
imt her per? used ibi an add itioua i 14 days (ceil expansion phase;, 

dnttt: ■ ' hi' }:! !!i!v :h- ; - : : : :J ■ : • . 4 , ■ ' htl: it 

• ::b • :bi E : ■!:< w : f i! i -if n 1 f u V' -n ■ il i "t C t 1) At 

19 days, the n-ind ■ ; '■ BMSCs found within the ceramic pores, 
calculated as the CCIOS - if action of She extracted cells, avt-tagt-d 
9-> < x 10 1! i f; , ( ! IP data demonstrate thai 

BMSCS; cats ix 1 i ' iverage ofS-l, ?. 

i-.O.S'doitbli; in ISOlat 1 r fusion of hoit. tu mof 1: u 
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2D expansion. 



Hematopoietic Colony-Forming Unit Assay 
Hematopoietic colony -form i tig unit assays were performed 
as previously described 122] to quantity the tbiEowinp types of 
hematopoietic cionogenic cells: neutrophils, macrophages, 
burst ft-tmmg iinfi -et ihroid ttid tari.ifof Se-eryth; Eh : i 
macrophage -meg akariocyte. Briefly, 2.5 y 10 eel Is per ml were 
cti Ituved in medium cottl 3 \r, ing 1 S '( inlet < ; i 
ng/ml granulocyte-rc-!' ? 1 j 1 factor, 10 U/ml granufo- 
cyieixiaerojVti f i i ! 2/rni hiteriatkh 

S. and 62. S nghni sletnce-ii factor. After hi days, the co ion ies were 
classified and counted. 



BoHe Formation bi I epintdedBMSCs 
The- ■ . i--f ■iti.hi. t :. ■:■ , of the <'■!■■ uv- ■ i nit in- trorii BMSC 
seeding and i i i i am ic under perfusion 

(total of 19 days culture) was verified by ectopic implantation 
in nude mice. Reproducible, extensive, and markedly uniform 
bone formation was found in implanted constructs from four 
out of four independent experiment . \ « rfoi tned u sing aspirates 
from different donors. Matuie latneilai bone, organized intypi- 

bone /mat cl f f 1 1 < +- ' 

of the total a iti bit: n t-3 ii-1 I ii : ::--e-d throughout 
::bt cafiold oh.itiie 1 tih high utii fortuity ( Fig ys [n contrast 



Fluoresemee-A: uiedi So ing Analysis 
Ceil usy n : i. were ni ub it. .1 ^ Hi .n- !b T i aga u. t CfSlCC 
(Serotec), STEO-1, BSP, Cl, OP (all from Developmental Stud- 
ies Hybridoma Bank, i av a CSty. IT. hi tp://www.uiowa.edH/ 

d hbwwv t, nerve gro' > pi } j _S>1 

fbo-ih from .Becton, Btckttisott and Oiitiipany, Franklin Lakes, 
"0 http://www.bd.eoH id tsmgal CSCalibu 

flow cytoraetei ( BeeEoti i-tckittson and Company). Reactions 
with anti BM' OR oi CI w tt-pb-v , nienibian.- per- 
raeaf-tlizatiot: with IS!) C.yioftx/Cytoperm Plus Exit (Becioti, 
Dickinson and Company;. Positive expiession was defined -:s the 
1 elf 1 ii.ti e t! J t f l 

ma tel red c on trol a nt ibod ie s. 

Results and Discussion 

BMSC Expansion Under 3D Perfusion 

Using a b ioie act or system recently developed for e flic lent and 
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Figure 1/ 

dimensional (3D) systemby Ala rnsr blue assays. At day 0, the num- 
ber of cells corresponds to the total number of cells add ed to the 3D 
syst At day S . af- e r rercsvi ng th ° n on-adherent c el i s with the first 
rce d ; v. ra c h a n % e . t h e t • • w i . - ; u cS;. r of .- f S s c ■:- s re s is s n J s * o ' h - c - ! 1 s 
attached to the scaffold. 
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of these variables that remain to be further elucidated. Interest- 
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BMSC Characterization 
We ibt-ji prt-SuriiioiJ ilv characterii 
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expression levels of genes ( 
proteins BSP, CI, and OP a' 

1 t i i 1 < 1 i 3 ,11 i,i 3,i 3 U ibias! 

culture [ s n to those measured in 

bD-expanded EivlSCs -.v,A iowei ihtni those iiieasuied in EMSCs 
■ fiei ■ '• - ■ i . '••!•, .0 ■ < ! i |. ! iii. teosen icii it eel - Li 

onuiganak . nidi :i : naibgb H % of the cell extracted 
from the ceramic scaffolds 'oeie positive for CDfOb. a surface 
marker typical iy expiessed by ceils of the mesenchymal lineage 
(Fig. 3C). These CD105* cells expressed low levels of STRO-1 
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bone marrow .opoot as from four independent donors further Values are preseiped as mean arid 3 b of'hree in depend op expe 
1 hi dih 11 i. Jt t u (Li t lorn h a tit (C-H ml 1 f . f Jh it 

f bone tissue formation afterBMSC expansion under 3D com- ceramic scaffolds after 19 days culture. Ceils positive for (C) CDi 
i with 2D. Values are presented as mean and 3E of the percent.. expressed low levels of (D) nerve growth factor receptor (NGPR) a 

... uiatedf re h t ss-se ti n.The 1 sses indi atei bone (E) STRO-I and high levels of (F) BSP. (G) CI and (H) OP. Lij 

line, isotype control; d ark i me, specific a nt ib ody. 
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■ propose! as u i m , j! u < t b j d < cii i [28]; 
andNGFR (proposed as amarkerofmuitipotent BMSCs [29, 30]; 
indbt b i< ,:<.!} i i 'V ur! 1 C i d ' d i flit pu<enn^ 
of CDlOsC ceils capable of forming a iibiobiasiie colony (CFU- 
} i ill ■!!-:'_. !:■ h ■ :>! ■ p ■!: I i. «■ di d ■ ib <i: nj i :,t ! 

2Dcuitutes<2Q f, - , [o ', i, p^tr Jyt Taken together, these 
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^ it n "ii. : eaiiy in: nil it iH; ir. ■ 1 u- ■ U C ;1 . 3 1 : : u: i nor 
fully differentiated osteoblast- like ■ 1 11 bin comprised j Di - j 
population oteionogetiie . r. 4^1 mi : ceils. i tittm studies 
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Hematopoietic Cell Characterization 
The finding that a substantial fraction of the cells cultured in the 
d-^ek-jX-d >] )' j tern Vis no: ci i'tse n- > in h d ifi- i X . a .np 
v It i by dieronnded inoiphology anddemotisti aiedby die iaek 
of expression of CD105. induced us to its vest ig as e whether tosh 
hematopoietic and mesenchymal ceils were cocuitured within 
She ret 3 1 UK poit Endued, in lb i 1 t ! ^ckbnd 

cellspositiveforCD45,asurfacf i liematop 
at percentages 00% ± !:>% SeipiivaEent to thoseoi cells negative 
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SbrCDiOCl Figs 4A--4E j. El is iikeh/ihal cooiiii i;red hematopoietic 
cells, possibly including CDi-1 -posit ive adherent macrophages, 
legislated die pheuotype of BMSCs [31] atid played a criliealtole 
in tie term it! mgthe osteoiudnciivity of the constructs, possibly by 
maintaining a higher fraction of clonogenic BiviSCs. It has been 
desci ibed that upon transplantation into a host animal, BMSCs 
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'D next :i j. tl« that. ,:t 1: the add;; toil oi' :■ peci fic 

medium supplements, the developed 3D cultnie utodel allows 
(he regulaiioi; of the relative proportions oi hematopoietic and 
mesenchymal celis. Usiti ippiemei . ■ if, ed tbrctifturt 
of hematopoietic ceils i i.e.. intei lenkin-3. stent ceil factor, and 
platelet derived gro\v;h I a i a bb in in 11 ,]a-a : j. medum;) i . ' 1] 
1.1 tin 1 b Hi 1 t is i d > jltutk ^ a 
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increased the percentage of CFU-F within CD105* cells from 
'<' i i i jt t t d 1 ji t a i is of hem j!v pc i 
etk C\ f « indicaiive 

of early multilineage progenitor populations (Fig. 4J). Remark- 
ably, the use of the same medium supplements in 2D cultures was 
not aide to utodtt late tile tract tot? s oi hem atopoieiied;ese;iehyutai 
■ Ji ir -i ■■ Ia tt ( I' At< ■ -a: :■ 11. jx ■ i> i , dne to ;ht- i :. t ;ha; a:-- < of 
t 1 <;t 11 71 tin ^Dniehes 

ofthecetatitt t ir^ut unDuRtbtts 

i t Ft! Inn 1 is r l ii j c ' 1 tli 1 lirli 

Eights the potential of the developed culture system, in which the 
3D configuration under perfusion How provides an extension of 
the concept of stroma! tt-ech-r layer for bite support and develop- 
ment of hem ato po is tic ceils i ' \ 32] and thin mod li stand aid 
paradigms for cullureot'tone to arrow cells. 

Conclusions 

Our nvi; . did Ur ibe simpie but iiiitor'aiiveconcepi i'n ■:■ BMSCs 
can i.= seeded and expanded by p.-. m !• cnltnte throngtt the 
pore:;oi'3iP • it:-. id start ing it 001 tiitutuiaily j>tt« r r ,\ hono 
iiia:ic" aspirates and asoidutp 2D eiiiime < xpan doit The devel- 
oped approach 1 i n,ed lot ihrtvp; < id tmniun! 
highly effic k i fled manufacture of osteoinduc- 
th e graft;'. lucorpotatiiig in the system features like automated 
medium change, mou itc 1 s, andmetabo- 
are likely to iead to ihedoveiopuietit of aclosed systeiir tor the 
automated and I BMSC-based 
tone substitutes. Compared with previously proposed pt?rfusion 
systMii s I i 3-3] , the ehtsi its ation of the 2D ■ 11 inite wot; id 1 if > ibr 
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our results validate the developed process as a first step toward 
ex vivo tissue engineering of bone marrow as a model to i nves- 
tigate proliferation, different! ation, and interactions among dif- 
ferent types of bone marrow cells in a more physiological envi- 
ronment than previously established systems (e.g., Petri dishes or 
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